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From jour study of the previous 
lesson you have learned how au A.P. 
amplifier stage or stages accepts a de¬ 
modulated signal from a detector tube 
and builds it up to usable strength by 
means of ampHfieation. This, in itself, 
is a remarkable achievement, but it 
still, leaves mueh^ be desired from, a 
quality viewpoint. While it is true 
: that the A.F. amplifiers previously 
described provide amplification, yet, 
at same time, they also build up,^ 
along with the ^gnal, other undesir¬ 
able factors whiii do not make for* 
vgood speaker ‘ reproduction. The 
speaker, of course^ reproduces wkat 
Is fed to it, so if there are undesimble 
qualities in the electrical equivalent 
of the sound, they must W omitted 
or reduced to a minimum before they 
reach the speaker* All of the^ 
desirable qualities can be mmmod up 
in just one word, distortion. 

Now distortion can be due to any- 
; thing which permits the output signal 
" of a tube to be different than the input' 
signal with the exceptioHi of course, 
of normal amplification. The one de¬ 
sirably thing we want frmh? a^n am¬ 
plifier stage is ^-irue Umur amplifica¬ 
tion with the output appearing as an 
exact magnified copy of the^ mpuiv 
don’t get ;^is from ^ single tube 
in an amplifier stage op-v 

erated under ideal conditions. All am¬ 
plifiers have Imperfections because no 
such device can be 100% more per¬ 


fects Thus, some compromises are al¬ 
ways necessary. The type of. ampli¬ 
fication which has the least imper¬ 
fections and forces us tq accept the 
least compromises is the one which 
results in the least distortion. That 
type, therefore, ii the ideal for which 
acoustic engineers have striven over 
the years. JEesults show that remark¬ 
able progress has been made. 

This matter of perfection in ampli¬ 
fication must, however, be tempered 
with good judgment- No final, last¬ 
ing go<^ is achieved in a practical 
way If improvements^ in quality can¬ 
not be detected by the human ear. 

a fact that few people have ears 
sensitive enough to appreciate the dif- 
*ference between good and bad quality 
reproduction from a radio set^^ Other 
peopfer^n detect the difference in- 
stai^ly. Thus, -practical radio men 
must hor prepared to service and re¬ 
pair both good and bad quality re¬ 
ceivers. It is not the serviceman’s 
function to design radio sets but rath¬ 
er to restore them to their original 
manufactured condition, be they good 
or bad from an engineering viewpoint. 
Beyond thatjp^ the repairman should 
noF attempt to go. 

By way of introduction, it is neces¬ 
sary ^ get ahead of the main story 
q|,this lesson. There is a of audio 
amplification which overcomes much 
of the distortion as previously men¬ 
tioned. It utilizes two tubes working 
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iiig: tip m 

olfeer to give mdtp 4e- 
P^iflcation; It is tilled 
iou, the detmls pf" 
tP taken>up further on in 
this^fiiS^/ The need for pnsh^pull 
amplii^t^ is established from the 
fact ^lAJjK) single tube of itself has 
a p^p^y:straight Eg-Ip charaeter- 
ihatter where along the Eg**< 
Ip„|^a|^tth€ operating point is placed, 
will be slight curvature 
the most choice point along 
5. « V Even wjth the push-pull 

ent th^re is still; the same 
Jure of the Bg-Ip curve as with 
!;ttAe8, but because of the action 
^veijHjuit, the effect of this is can- 
out to a large degree, as will 
out later* 




mentioned, most of the 
" "r^e 4^ of vacuum tube 
5 .,Jcf^on ail come under the head 
This is a rather broad 
needs further deto^ So 
will be further defined and 
aijd then we wiil ahow how 
ampiM<^tto ean be used to 




,^^ablish«i that as long 
is^^lotr 5% of 
hf a fhdjb it -will 
should be 
as you sisntiy about dis- 
low ire^esK^ amplifiers, 

*: .phasi disWrtiG^^ 

in sotmd repw^ae- 
thQB tiaird is sapra important 


plify equally it. 

A certain amount dis¬ 

tortion is, therefor^^ljgl^M^ii all 
A.F. amplifiers. If th%^^^®fegpen- 
cy range is from 30 to ’ipS^^tegrcles, 
not every frequency in is 

going to be amplified alike;X®?i^jis 
were true, a gi^aph of the 
of a radio set would be a 
(linear) from 30 to 10,000 cycles, 
radio sets, indeed, would show this 
characteristic. Actually, the cur\"e of 
the output pf -the'average radio set 
would look somewhat like that shown 
in Fig. 1. Note the curve starts to dip 
below 80 cycles and above 4,500 cycles. 
It is at these points where frequency 
distortion^ starts, and the more the 
curve drops from the horizontal at the 
ends, the more the distortion. Note 
Fig. 1 employs a logarithnue scale 
which permits showing the entire out¬ 
put curve in a small spaee. In gen¬ 
eral, it may be said that fregnoM^ dis¬ 
tortion is caused more by cireoit i>arts 
than tubes. This is beca^^ amdh parts 
show or present vaiying “diaincleris- 
tics as the frequency changes. For in¬ 
stance, you know that tlm6|N|aeney 
changes the impedrni^ parts 

change and, thcrrfjJ*^ "voltage 
drop acro^ liiese which 

results in a chdJ^ od^glBdi^^ tube. 

A certain amoni^pgi 
therefqre, be avoii^ X 

Next is 

this really plays aonnd 

waves as finally ettSled the 

This^is the 

mc^distasteftil to the design 

engineers strive h? to mihi- 

mum in a given receiver In 
understand this type of distortto^^ 
is necessary to have a Iniouje^ 












voittnae will be Tteasr a radio; 

volxune control controk the amplitude 
ofjthe A.F, wave fom. Volr^e level 
is Tisualiy measured m ttaik of the 
decibel or db as explained tti. your 
S.A.B* Math Book. : 

Another unit of aound is its pitch 
as musicians call it. A musical note 
is said to be low, medium Mg^in 
pitch. This refers Indts fundamental 
frequency. The following table which 
is based on the international pitch 
gives the fundamental frequency 
range of musical instilments and of 
the human voice. 

Swrce Frequency in Cycles 
Or^an a2-4136 

Piano 26-4138 

Violin ' 194-3284 

Viola 1294740 

Double Bass 48-240 ^ 

Piccolo 548-3480 V 

Clarinet ^ 145-1381 ' 

Woman 's Voice 193^870 
Man's Voice 86.-435 

The foregoing table will give, yoii an 


which we recognize as sounds cannot 
and should not be regarded as simple 
cycles such as you have been accus¬ 
tomed to studying up to now. Your 
conception of a cycle is probably like 
the wave form shown in Fig. 2, and it 
is correct,, but do not make the mistake 
of thinking that this is representative 
of a tone wave form such as that of 
musical notes or speech. Tones are 
not made up of single cycles or wave 
forms. They'are much more complex^ idea of the fundamental frequencies 
being made up of several wave forms involved in producing sound^ As will 
and you should remember that the be-.pointed out in the next paragraph, 
electrical equivalents of, these have these instruments also produce higher 
similar wave forms—that is, a pint frequencies than those listed in the 
you shoidd keep in mind at ail times, table. These are call^ harmonic fre- 

OF qnTmn qiieneiea^or OTertones. Tbtis, while a 

fundamentals op sound given sound may have a fuadaHwental 

This lesson is not concerned with pitch of 24^) cycles, it also ihdudes 
the actual production of so\md waves other higher fnequeneies. 
as that will, he left to a later lessrni. These othe^ higher frequencies give 
It is, however, concerned with the to sound its identifying characteris- 
Cleetrical equivalents of ^und. Thus, tics. This is a property of sound 
m the following remember that ref- called qualily or timbre. By means 
,erence is made to equivalent electrical 
.wave forms which will cause .a speak-' 
er to. produce actual, sound waves, ^ j. ' 

^ First considM? the degree of loud-'*' / \ / * , 

ness or'hi-Volume. The amplitude of V ~~~l \ jy-i/ 

the wat« form, .iffts Relative height) ' \ '%/ \ 

determines the level of volume. If the A ' V. / ^ 

mihplitude. M small the volume will be —- 

lowi and if the amplitude js great the F/<S.^ ' 
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of this property we can usually tell 
whether or not" a voice is that of a 
man or a woman or wh^her a given 
musical note is produced by a violin, 
organ or piccolo. The same note or 
notes may be produced ky all three of 
the instruments or voice, yot they do 
not sound alike. The reason this dif¬ 
ference exists is because the different 
sources of sound in addition to pro¬ 
ducing the fundamental frequencies 
also produce varying amounts of other 
higher frequencies with Y^rying 
strength or volume level. These extra 
harmonic frequencies determine the 
timbre or characteristic quality of all 
sounds which act on the human ear 
The fundamental frequenc;^ wave 
form shown in Pig. 2 is known as a 
sine tmve^^ the name being derived 
from the^ particular mathematical 
method of developing the wave form. 
A musical or speech wave form is 
called a complex wave form because 
it is made up of the fundamental fre¬ 
quency and severalMgher frequencies 
or harmonics, A violin, flute, trumpet, 
harmonica, piano, etc., are all capable 
of producing the musical note of mid¬ 
dle C which is 256 cycles^' The actual 
sound waves from these instruments 
will not sound alike to our ears al¬ 
though they each contain a fundamen¬ 
tal frequency of 256 cycles. The dif¬ 
ference is the number and relative 
strength of idie harmonics 
as previously mentioned. I^ow there 
is a definite mathematical relation be¬ 
tween the fundamental frequency and 
its accompanjdng harmonies. If the 


fundamental is 256 cycles, twic 
frequency will give the second Imr- 
monie. Three times the fimdaineatal 
will give the value nf the third .har¬ 
monic, etc. Thus the second hanasnic 
of 256 cycles is 2 x: 256 = 512 cy(^; 
S X ^6 ^ 768 for the third harmonic; 
4 256 «= 1024 for the fourth har¬ 

monic; 5 x 256 =- 1280 for the fifth 
harmonic, etc. Note in this the fuiiaa- 
mental frequency is the first harmonic 
although it is usually called the fun¬ 
damental. ;; 

The fundament^ frequency as well 
as all of its harmonics have a basic 
sine wave form. However, all of these 
frequencies occur at the same time 
and our ears hear the sound as the 
resultant wave form of all the fre¬ 
quences. This resnltantis the equiva¬ 
lent erf adding all the wave foms of 
a given sound to give wave 

form of sound to on imr ears. 

It is important yoa understand 
the mechanics of pio&ction of 
harmonie. f reqt^nc&s., A study of 
Pigs. 3 and 4 will yon to get the 
basic idea. Thes^" 1^ Jfenres repre-^ 
sent a vibrating as that 

used on a banjo or taut string 

stretched betweeff^wi^5|®ports. In. 
Pig. 3 is shown how theltting might' 
be vibrated or plucked a^a Very slow 
frequency so thatffir effec^ string' 
will swing over a given in long, 
slow loops. Even at a ii##equency^ 
the string in swingin^^ck b^nd its 



r/o.^ 



original position is likely to have in¬ 
termediate loops instead of the uni* 
form loop in S; Figure 4 shows 
the moi» likely condition. It is as¬ 
sumed here that the frequency is high¬ 
er than in Pig. 3 so that in effect not 
only is the entire string vibrating 
throughout ihs length but different 
sections of it are also vibrating at 
other frequencies. For instance, from 
A to C in Fig. 4 may be considered 
the vibra¬ 

tion. But note the two halves of the 
string as from A to. B and from B to 
C are also creating half loops which 
result in th^ production of still an¬ 
other frequency of vibration. Thus a 
fundamental j^quency from A to 0 
is produced as well as the second har¬ 
monic from A to B and B to C. The 
A.C. equivalent of this type oi wave 
fonn is shown in Fig, 5. Note the 
composition df the second harmonic 
in that it completes one full cycle 
(A to B) while the fundamental com¬ 
pletes a half cycle in the same length 
of time. This proves the harmonic 
frequency is twice the frequency of 
the fundamental. The string analogy 
of Figs. 3 and 4 show simple illustra¬ 
tions of how a harmonic frequency 
might be produced. This, in itself, 
represents true conditions as far as 
it ^goes. Howeyei?, musical notes and 





speech are much more complex than 
Pigs. 3 and 4 indicate. Whereas Fig. 
4 shows how a piano string might vi¬ 
brate to produce the second harmonic, 
actually the wave form it produces 
contains many more harmonies than 
just the second. The true conditions 
are when a piano string is struck 
there occurs throughout its length 
many separate vibrations (in tlieorj^ 
every length of the string may vi¬ 
brate J all of which blend together to 
give the characteristic sound of the 
piano. Thus, with different sizes of 
wire and different lengths of it, the 
whole musical range of the piano is 
made possible. The same principle 
holds true for other musical instru- 
ments and for the human voice. Col¬ 
umns or spaces of air are made to vi¬ 
brate to produce sound. It should be 
clear, therefore, that the way the air 
is vibrated or set in motion determines 
the fundamental frequency and the 
number and relative strength of the 
harmonica. Another important prin¬ 
ciple of harmonics is that they can¬ 
not be fractional frequencies of the 
fundamental frequency. Thus, there 
is no such thing as a harmonic which 
is 1 1/2, 2 3/4 or 5 6/8 times the 
fundamental frequency. Harmonics 
are always even multiples of the fun¬ 
damental frequency. 

A distorted wave is one (it may be 
the resultant of several frequencies) 
which does not have a true sine wave 
shape such as Pig. 2. It may be odd 
shaped but as long as both its halves 
are symmetrical (both half cycles hav¬ 
ing the same general shape), it is not 
a distorted wave. Distortion can he 
brought about in an amplifier by op¬ 
erating a tube on the wrong, portion 
of its Eg-Ip purve, by overloading its 
grid circuit with a strong signaly by 
using improper or overloaded A.F. 
transformers or by otherwise operat- 






tones or speech 

nance of even (2iidv|i^^^;?8th, 10th, 
etc.) haimonics or1ip|p^.iaimonics 
{3rd, 5th, 7th, 9th, may be ; 

predominant. Also, it that 

the whole combination and 

frequencies making up a'je^tili^^ave 
or its electrical equivalentr'^lfe^s 
the fundamental and probably ; 
even and odd harmonics. In theory, ^ 
there is no limit to the number of 
harmonics that may be present—^some 
forty odd haimonios have teen de-^ 
tected from complex wiiid wav^; 
praetiee, harmonies ateve the 4th are ;^^ 
usually so small in amplitude that 5 
they need not be considered. Regard- 
less of its complexity, a sound wave 
form can be resolved into an equiva- ^ 
lent fundamental and a predominance;; 
of either even or odd harmonics. This « 
is done mathematically by integral - 
calculus. The relative amount of m-' ' 
ergy in the harmonics of the total > 
wave form determines whether even 
or odd harmonics predominate. 

To continue the study of resultant 
wave forms, refer to Fig. 7, This | 
shows a fTm4amental, 2nd and 4th i 
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:A tube so 
^generate harmonics -of 
-frequeneydn its plate, 
and these^ te; 

as distortion. Har- 
introduced into the grid cir- 
cA;.tnW as .^rt.. of . original 

t^.t^'and 
-ca^ di9tortidii''ij3f'.tte: 
reason for this is 
form of mu-' 
is, 4B' general, 
urhereas the resultant 
of harmonies, which is not 
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'fondmnem 
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V (% 2nd B )*‘-f i%. 3rd HJ*. 

Where: The same values apply as ex¬ 
plained in the foregoing. 

In the first formula, the maximum 
and minimum -plate currents are 
added and twice the average plate 
current or no-signal current is sub¬ 
tracted from it This value is then 
divided by the.difference between the 
maximum and minimum values of 
plate current plus the peak value of 
the difference between the R.M.S. 
maximum plate current and the 
R.M.S. minimum plate current To 
obtain a percentage value from this 
factor it is multiplied hy 100. The 
3rd harmonic formula is somewhat 
like the . one for the 2nd harmonic, 
and the total harmonic energy is the 
square root of the sum of the sqxiares 
of the 2nd and 3rd harmonic percen¬ 
tages as expres^d by formula No. 3. 

These formulas are given mainly 
for reference. They are not eonidd- 
ered very practical and certainly not 
very useful for the practical man. 

The foregoing description explains 
the general nature of a musical, speech 
or noise wave form. With this knowb 
edge as a background, it will help 
you to appreciate the fine qualities of 
push-pull amplification. 

Before taking up the stud^bf the 
push-pull amplifier you should first 
understand how harmonic distortion is 
generated by a tube and its associated 
circuit. Then with this knowledge it 
is easy to see the virtues of the push- 
pull system. 

harmonic generation 

It has been pointed out that even 
the best single amplifier tube has 
slight cun’^ature of its lEg-lp eharae- 
teristie, and because oft this, a certain 
amount of distortion will be present 
in the output. In addition, if a strong 
signal drives the grid of the tube posi¬ 


tive (which actually does occur in the 
1st A,P. tube of many radio seis) dis¬ 
tortion is created. Distortion may also 
result if the negative grid voltage of 
the tube is too low or too high. A.P. 
transformers can ai^ cause distortion 
when their iron cores become sat¬ 
urated with plate current. This con¬ 
dition is reached when changes of 
, plate current do not give equal 
changes of magnetism in the trans¬ 
former core. Any of these causes of 
distortion will result in plate current 
changes which are not a true copy of 
the grid voltage changes. Thus, the 
plate current wave forms take on 
shapes ufc to the 

fundamental and widesirable har-^ 
monic frequencies. Piom this condi¬ 
tion we get the name of harmonic 
distortion. 

One great virtue of the push-pull 
system is that it will cancel out all 
oven number harmonics which are pro¬ 
duced as a result of the action of the 
tube or its dreuii. It is oiily the 2nd 
and 4th harmonics which have enough 
ener^ to give ^rious distortion trou¬ 
ble, Thus if these may be made to 
cancel as is done in^the push-pull sys¬ 
tem, the total distortion is reduced 
to a minimum. You should under¬ 
stand that harmonics which are a part 
of the original signal are not can¬ 
celled by push-pull action. If this 
were done, the output .wave form of 
a tube would not correspond to the 
input wave form. It is only the self 
generated undesiiaMe tube harmonics 
which should be cancelled. 

As already stated^ there are sev¬ 
eral conditions that can occur in an 
A.P. stage to cause harmonic distor* 
tion. They all result in the creation of 
extra unwanted harmonics in the out^ 
put wave form. Thus, wO will con¬ 
sider the condition where excessive 
grid bias is applied to the grid of a 




tube and let tkis serve to show hm 
unwanted haimoni^ (regarfless of 
their eause) are eaneelled or balanced 
out altogether. 

Figure ^ shows a graph of the Eg- 
Ip eharaeteristies of a tube which has 
exeejmive Mas. Note the operating 
point Po of the tube is forced to he low 
down on the curve where the curva¬ 
ture is excessive. ^ Wten the grid 
swings positive Am fo a rignal, ihe ' 
grid, ih effect, is made less negative 
so that the corresponding half cycle 
plate current wave form is symmetri¬ 
cal with the grid voltage wave form 
because, in effect, the operating point 
for the peak of the signal is made to 
move to PI on the Eg-Ip curve. When 
the grid swings negative it adds to the 
already existing, excessive bi^ so that 
the operating point for the peak of the 
signal is forced to poiid^ PS on the 
Eg4p curve. The correspondmg plate 
current wave form for this half cycle 
as a result of the tube being worked 
on the curvature of its characteristic 
has less am^plitude thsxi the plate cur¬ 
rent wave form for the other or posi¬ 
tive half cycle. vAs a result, the total 
wave form for the complete cycle is 
distorted or is not ^rmmetrical. Gbn- 
firm this for yourself by noting the 
plate current wave form in Fig, 9 has 
more amplitude on the top or first half 
.cycle than it does on the lower or 
i^eond half cycle/ 




FiG.J4^ 

When this condition occurs the tube 
is said to generate a strong second 
hamonic frequency, tt is a long tedi¬ 
ous process to prove this mathemati- 
esAljt but it can be done, and it can be 
demonstrated by means of an oscillo¬ 
scope that such is actually the case. 
By way of explanation, an oscillo¬ 
scope is a device similar a tele¬ 
vision receiver which will show actual 
wave forms on its screen. You will 
learn more about this instrument later 
(rn^in your S.A.R. course. 

Later the operation of the push- 
pull circuit will be explained in de¬ 
tail. For th6 tinm being, just consider 
there are two tubes working together. 
They are so connected that when one 
tube has a plate current increase the 
other-one has a plate current decrease. 
In other words, the plate currents of 
the two tubes are 180 degrees out of 
phase as shown in Fig. 13. It is as¬ 
sumed in this case that the plate cur¬ 
rent wave forms of the two tubes are 
symmetrical. Since the plate current 
wave forms are out of phase by 180 
degrees they could be added to give 
an effective wave form of greater am- 
,plitude as shown in Fig. 14. The fore¬ 
going will serve to illustrate the prin¬ 
ciple of push-pull amplification. 

To return to' single tubes Avhich 
generate second harmonic frequencies 
as a result of excessive bias, refer to 
Fig. 15. At A in this figure is shown 

























Whetb fenresen^ p . 

show, t^ diteetion of. euiFi«et-11owW| 
from B iainos to B l^u^.thisC 
circuit'tch get the direetioti of jaitiffint % 
flow finnfy fixed in your tnkid. 
two tubes in the ptt^'|»uH'^sts^: ;^|||k 
of the 2A3 type. NormaHy ppeisSd^BI 
with minus 45 volts on their ^ids, fir^H 
plate current through pacih ^ibe 
be 60 ma. wnth Uo s^nol. If e^h tubeji^r- 
permits 60 ma. to flow, the totid nicr-i^~ 
rent from B— to B+ wfll be 
Plowing through Re (bias resist#!;:" ^ 
this current flbw will prodnee a 
age of 45 Volts across it ~whieh 'St- 
plied to the grids of the two 
a negative voltage. The value 

IS equal to—or-:-^ 375 <dMy&>^i^ 

295 fdts is impressed between 

and there will'be a 45 volt 

across Be and a 250 volt drop ^^^i^ 

the two tubes ffom filament to 

Since there is no I>.C, curreirt fi^^f^ 

the grid circuit, the grida ate 

same voltage as ground, with 

nal, hence are 45 volts more 


small capacity existing between the 
grids and the filaments of the two 
tubes. For this reason the primary 
impedance (Zp) of T1 may be many 
times the A.C. plate resistance of the 
tube to whieh it is connected. You 
will remember from your study of 
voltage amplifiers that this will.pro* 
duce almost tho full voltage amplify* 
ing power of the tube. 

A definite analysis of Pig. 16 will 
now be given so that you may under¬ 
stand the basic principles of push-pull 
amplification. At ground where B 
minus is connected, electrons flow up 
from the A.C. power unit through 
Be, as the small arrows indicate, to 
the centertap of a small hum bal* 
uncing firf '(20 to 50 ohms 

total). Neset the current divides 
through each sade of resistor . Rf to 
the filament leads. Prom here elec¬ 
tron flow is through both tubes from 
.filament to plate and from each end of 
the primary of transformer T2 to its 
centertap where the electron path be¬ 
comes common again ^d from there 
the path for current flow is back to 
B-f of the power unit supplying the 
circuit. The electrons or current di- 
,yide into two identical parallel paths 
at Bf, each carrying substantially the 
same amount of current and then join 
again at B-(“. The electrical equiva¬ 
lent of this circuit is shown in Pig. 17 










than the filament due to^the voltage 
drop across resistor B<C In other 
words, the grids are maiixt^ned at 4M 
volts negative with respect fo the fila¬ 
ments (cathode in thfe case)- just as 
other type amplifier tubes iu^ve tbe& 
no signal steady nega^vegrid voltage, 

Now suppose that the prtotary of 
transformer T1 in Pig, 16 has 500' 
turns of wire and that the entire sec-, 
ondary has 2000 turns—^that is> 1000 
turns above the centertap wMch is 
grounded and 1000 turns below it. 
While the entire tr^yasfonner has a 
2000 

ratio of 1 to 4 — grid of 

the 2A3 tubes receive only om-kalf of 
the total poltage produoeji etOross the 
entire secondary^ As far as it concerns 
the grids of the 2AS tubes the trans- ’ 
former has a step-up ratio,of 1 to 2 
instead of I to 4* This is true of all 
push-pull transformers. Their ratios 
are considered as the ratio of the 
single winding to half of the center- 
tapped winding, the reason of which 
will be brought out later. 

It is important- that you have a 
clear picture in your mind of the prin¬ 
ciples of pmh‘pvfAtransformetaetimi. 
The figures of Pig. 18 show what takes 
place. At A is shown two step-down 
transformers which give a secondary 
voltage of § volts each. The primaries 
connect to the 110 volt line. If an 
A.C. voltmeter is connected across 1 
and 2 or across 3 and 4 it will read 5 k 
volts for each secondary. An impor¬ 
tant transformer principle is that the 
voltage of two secondaries will add to 
give a total voltage equal to the sum 
of the two if the phase of the two 
voltages is correct. This means both 
secondaries must be wound in the 
same direction. Thus, in Pig. 18A if 
we assume th©- two secondary wind¬ 
ings are wound in the same direction, 
then connecting terminals 2 and i 


together will give a total of 10 volts 
across 1 and 4. In this case, the two 
voltages are in phase. Likewise, if, 
.for instance, 1 is connected to 3 
then across 2 and 4 the voltage Vi'ill be 
zero because the two voltages are out 
of phase and will cancel one another. 
If it should happen that secondary 1 is 
wound opposite to secondary 2, then 
the connection of 2 to 8 will give zero 
volts across 1 and 4 and again there 
is cancellation. To get the voltages of 
the two secondaries to add with op¬ 
positely wound coils, 1 must connect to 
8—10 volts will then appear across 
2 and 4, In a push-pull transformer, 
you do not have to consider the db 
rection of the windings, because the 
manufacturer arranges them correct¬ 
ly. The foregoing was imduded in 
order that you might be fully familiar 
with connecting transformer wind-^ 
ings. 

In Pig. 18A it was shown how two 
secondary windings were connected 
together to give a total equal to the 
sum of the two. In Pig, ISB a simpli¬ 
fication of this circuit is shown where-' 
in the two windings merely have one 
lead where the two wuidings join. 
Thus, between 1 and 2^ there will be 5 
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volts aad between 2 and. 3 an<^her 
& volts is available. Across 1 and 3, 
of conrse, giv^ 10 volts. This conr 
nection is eqni^ent to connecting 2 
and 3 together in Fig. ISA. Thus it 
should be dear fliat the two circuits 
; give exactly the same results. Note in 
- Fig. 18B terminal 2 is common to 
both 1 and 3* 

So far, we have used two primaries, 
but this is needle because one pri¬ 
mary winding properly arran^d will 
induce just as much vol^ in the 
two secondaries as 

Thus, the circuit may be farther Am¬ 
plified tothatnf Kg; 18C wherein one 
primary is used. This circuit is AiU 
the equivalent of Pigs; 18A and B. 
Since it is clear that two secondaries 
eonneeted together give additive volt¬ 
ages, it follows that one windiag with 
a wii^ tap at the center will da the 
same thing. So instead pf going to the 
expense of contracting two Avmdings, 
the manufacturer of the transformer 
merely makes one continuous winding 
and provides a centertap as in Fig. 
18D. The centertap. connection thus 
becomes common to each half of the 
entire winding. Thus," in effect, the 
transformer of Pig.. 180 is one with 


a single primary and two secondaries. 
One secondary exists betAveen 1 and 2 
and the other one between 8-and 2. 

The reverse condition also holds 
true wherein a tapped primary may 
be used as in Pig. ^SE. Ih this figure, 
terminals 1 and 2 constitute one pri¬ 
mary and 3 and 2 the other;. Thus, 
current variations in either primary 
will induce a voltage in the single 
^condary because all of the windings 
are magnetically coupled. Note in 
Pig. ISE, terminal 2 is common to 
both 1 and 3. 

The foregoing explains how tapped 
transformer windings may be ar¬ 
ranged to give the effect of two sep¬ 
arate transformers. Such transform- 
ers used in push-pull circuits to 
give the desired effect. A push-pull 
transformer with a tapped primary 
as in Pig. 18E is called a push-pull 
output ira7isformer. One with a 
tapped secondary is called a push- 
pull input transformer as shown in 
Pig. 180. Thus in Pig. 16, T1 is a 
push-pull input transformer while 
T2 is a push-pull output transformer. 
With these principles of push-pull 
transformers clearly in mind you are 
rCady to continue the story of push- 
pull amplification. Eefer again to 
Pig. 16. 

You have learned that if the grid 
bias on an amplifier tube is 45 volts 


FIG. 18D 
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tracte<{ from the D:e. bias 
and in the seeohd tube it.Tias added j^ 


to the bias. The entire transformer’ ;^! 


secondary has produced a total of 90' ■ 


volts from end to end with the lower 
end negative with respect to the upper r> 


end. At the center, it is 45 volts more^ 
positive than at the lower end. 

Now what happens to the plate cur¬ 
rent of the two 2A3^ tubes when the 


Ml 


a positive signal voltage of 
could be applied before the 
i is^reduced to zero voltage. More- 
r, aS additional 45 volts negative 
charge the grid to a total of 90 
negative. This is the limit oi the 
^ voltage which can be applied to 
^^^^3 tube, as the grids must not be- 
poritive in this typMc of amplifier, 
current in the primary of 
l^ df 1 %, 16 is made to vary accord- 
; to the changes pi grid voltage of 
tube, a varying magnetic field 
|s 0 t up around the windings of Tl. 
^ causes a voltage to be induced in 
j^i^re secondary, and ns the eenier 
grp^ and canpot ehaPge 
-f" voltage, the induced voltage is dis- 
p; with ^ual and opposite vah 

to the grids of the 2A3 tubes. 
^^ 2 ;^^ember this must be trite, for a coil 
pn induced voltage c^hot have 
of its ends the same polarity 
||4idr.the saih^ time. If ^e end is posi- 
the other must neces^rily be 
I and vice versa. When the 

of one altornat^^ is 
^ea^ed,' the grid of thd top ^3 tube 
1 of Pig. 16) will be;45 volts 
'positi^ or at zero volts and the 
of tube No. 2 will, at the same 
^ be 45 volts mare;ia«gative or 
^^^minns 90 volts/ In the fiM 

voltage of 45 vcdts has sub- 


grid voltage changes as describedt 
When the grid of tube No. 1 is brought' 
to a zero voltage, the plate current of 
it increases to about 110 ma. Since at 
the same time the grid of tube No. 2 
has a charge of —volts, the plate 
current of it reduces to about 10 ma. 
You should understand that when the 
two primary currents Ii and I 2 in 
transformer T2 of Pig. 16 are equal or 
both at 60 ma., there is no total mag¬ 
netism in the transformer core. Equal 
currents are flowing in the two halves 
of the primary of T 2 in opposite di- 
rections—feeace cancelling all magne- 
tispi. 

As you have just observed, a signal 
applied to the grids of the two tulws 
will increase one of the currents and 
decrease the other. In this case, the 
state of magnetic balance no longer 
exists, as one current is much greater 
than the other. Furthermore, you 
know that a voltage is induced when 
magnetism is changing and not wfai 
it is at any fixed value. ^ 

The increase in current of Ij, from.. 

60 to 110 ma.-induces a voltage 
in the secondary. A simultaneous de- > 
criase in I 2 from 110 to 60 ma.^ 
suming a coiitinuourfy applied rignal) ^5 
induces a voltage ip the secondary S 
which is^in the same direction as 
Although the currents are flowing in "^1 
the opposite directions ia the primaio?;/ 5 | 
of Tl, you will recall that an increase^ 
of magnetism produces a voltage in 


m 




om direction wMe a decrease of 


rent jn the same direction induces a/| 
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approximately as the power output oi 
the two tubes. 

You can find the power more exact- 

ly from P = — where E »= 202.5 

and R == 5,000 ohms for the complete 
plate to plate impedanw. 202.5^ =» 

41,100 andS^>== 8.22 watte. Thir 
ouuu 

is mom accurate the other coim' 
putatiou where the exact current in 
the primary is not toaowix. 

Now transformer T1 in Fig. 16 la a ^ 
2 to 1 atepmp transformer reQuiring 
only 22 aerc^ 

to produce a 45 grid swing for thh 

2A3^ tubes and htoce 6;22 watts out*^ 
put. If tim pmi^y iinpedance Zp is 
8 times the Bp value of tte 
the voltage amplifying ability of the^ 
"56 tube stage shotdd be appioxima^y" 
.0 times the mnplifieation factor of thcv 
56 tube which is 13.S: The product of 
cxirrentwhich must be considered wdth and 13.8 gives 12.4 and this dU . 
a voltage ^ 202,5 acting from plate vided into 22.5 volts gives an answer 
to plate. 2<^;5 X .03535 *-**^ 745 watts of 1.813 volts required at the 56 tube 


distortion may be reduced to an in¬ 
significant minimum. 

With this information, the actual 
amplified voltage for the push-pull 
stage under consideration will be 
MuEgBL 


Bp-f-BIj 


4:2X45X2500 







grid ta ptodum 8^22 watt$ powe^r 
put across the secondary Tw0. Of the 
ontput transformer. 

For pr€^Uc(A purposes the power 
orntput may be regarded as 20 % of 
the plate input or l/5thof the product 
of plate voltage and plate current 
Tlte ability of the triode to convert 
D.G. power into power rap?e- 
^nts an average effi<nency of 26%. 
With this calculation the power out- 
put would be equal to: 

250 X (.0b0 4-.060> « 

■ ■ - —!—— J- == 6 watts 

You are now ready to study how 
a push-pull amplifier automatically 
-^iminates some of the distortion 
which is inherent in a single tube 
stage. Two Eg-Ip curves have been 
drawn in such a way in Fig. 19 that 
the operation of both tubes can be 
observed simultaneously; The two 
•—45 volt bias lines have b^n brought 
together and these cross the two Eg-Ip 
curves at the proper operating point. 
When one signal alternation is im- 
; pre^d on the grids they are both 
driven, in Pig. 19 for instance, to the 
left, one tube has an Increasing nega¬ 
tive grid voltage whSe the other tube 
has decreasing negative grid volt¬ 
age. The reverse,^ of course, holds tfhe 
, ;wKen the signal idternation changes 
^^^arity. Note that the lower Egrip 
curve is rev€]^d from the Upper one" 
for purposes of illustration, and this 
■ makes it appear that both grids are 
acting in the same directionfihut ac- 
.ItUJdly, of cour% this is not true. Now 
that you understand how the grid 
ivoltage wave form in Pig. 19 acts, 
suppose a signal of 40 Volts assumed 
Yor the Eg,wave forni. Next eourider 
that tiiis will, at first, drive both grids 
to the right in Pig 19. Ip tube No. 1, 
the bia^ will be reduced 4o 5 volts 
when the signal reaofes a peak value 
of 40 volts, and the pfete current will 
rise to ii duo to the shape of ^the Eg* 


Ip curved The-grid of tube No. 2 on 
' the the mixic alternation will be driven 
85“^ volts negative —45^ £ —40) = 

—and the plato current of this 
tube will drop to a value represented 
. by Note carefully that this de- 
cicase of I 0 is somewhat less than the 
increase of Ii. -As explained, because 
the two currents are in phase, I 2 
will add to Ii, producing a. total equal 
to lo. The addition of I 2 to Ti is clear¬ 
ly lAown by the shaded wave forms 
of tube 1 in. Pig. *19. Note carefully 
how Ii + I 2 lo with respect to the 
mnpiitudes of the current wave forms 
of tube 1 . 

Now on the next alternation^ tube 
No. I produces tho smaller variation 
and tul^ No. 2 the larger one* This 
. time, the grids swing to the left, mak¬ 
ing the plate current of tube No. 1 
drop to 1 $, but making it rise to I 4 
in tube No. 2 . The larger value I 4 is 
added to the smaller value I 5 in this 
case producing I 5 which has exactly 
the same amplitude as lo, but in the 
reverse direction. You.will note each 
tobe suppresses the current wave form 
on its most negative grid swing. The 
other tube, however^ comes to the res¬ 
cue of the one having the distorted 
half cycle and fills it in to the correct 
amplitude. It is In this way that one 
tube helps the other and, as a "conse¬ 
quence, both half cycles are symmetri- 
' cal and second harmonic distortion is 
eliminated. 

A typical pentode push-pull power 
amplifier circuit is shown in Fig. 20 . 
Its operation is substantially the same 
as that of the triode amplifier just 
studied. The screen grids are con¬ 
nected directly to and the sup¬ 
pressor grids are connected directly 
to-the cathodes. 

The voltage gain of the push-pull 
section is somewhat greater than the 
triodes requiring lc 3 S input to the con¬ 
trol grids for a given power output. 












^ i X I coBsideraMe power oatjiut is shown in 

ii_ Fig. 2^ where four tabes- are used in 

I P I I ' paraJlel-pash-pail. While triodes'are 

I I I shown in F%. 25 , joa should remem- 

j, I f her that pentode tubes may be, wired 

in this way as well as triors. - - 

grid of V2, one phase of the voltage aJP. CIRCUIT REFINEMENTS 
is established for Y4. Then if the out- advancement in the' knoi^; 

w P 1 ® e'ige of A.P. circuits several reflne- 

grid of y3 the phase of the voltage common use. Figure 26 

fed to V3 will be correct becai^ Y2 ^ 

revems the phase of the signal volt- ^^te Uiere i^a resistance E in series 
age just as any amplifier will do. Thus, ^ carrying the signals Its value 

correct phase is established for both ^ anywhere from 10,000 to 

tubes of the push-pull system consist- 250,000 ohms. Although it cuts doum 
mg of tubes V3 and V4. 

to some extent, the total 
In Fig. 23 is shown a push-pull re- impedance of R and Xc will bf fairly 
sistance coupled amplifier stage of the constant over the entire audio spec- 
push-pull .type coupled to a push-pull trum. This is because R is very large 
output power system. While triode as compared to Xc and large changes 
tubes are shown in Fig. 23 pentode jn the latter because of frequency; 
tubes may also be used as in Fig. 20 changes will affect the total A.®; 
with resistance grid coupling. Two range a minimum. In this way all 
stages of push-puU amplification are frequencm will be. amplified very 
rarely used in radio sets, but you will nearly the same amount. 
fmd them in use in many public ad- B is shown a typical and widely 

dress systems and also in other small used pMie Hreuit flUr. ■ RL is the tube 
A F. amplifiers. ■ load and R and G form a filter so that 

In order to increase the power out- 4he extra current r^iuied for changes 
put of an amplifier without using a in plate current may^ be drawn fiap 
push-pull circuit, tubes are used in stantly from C without chan^i^ the; 
parallel occasionally. An output eir- voltage or currmif at B-f in the least, 
euit using two tubes in parallel is E fs usually somewhat smaller than 
shown in Pig. 24. • EL, ranging from lff,000 lo 100,000 

■ When this system is employed small ohms, Urid filters are commonly de- 
resistprs are placed in series with each signed, in the same way to prevent 
Control gri(L ranging from 20 to 500 signal eurienta in the grid resistor 
ohms to prevent the action of one tube from affecting the D.C. bias jmd to 
from affecting the other. Small prevent bias ripple Voltage from af- 
amounts of secondary grid emissions fecting the grid. See Pig, 26C, ; 

Rave a vital effect on the tendency A similar grid filter for transfonaer 




or choke conpling is o^ften use:d as in 
D of Fig 26, The valiie ot G for cir¬ 
cuits of Fig. 26B, G^ or D may be any¬ 
where from .01 mfd. to .5 mfd. This 
type of filter is also commonly used 
in the plate circuit of many amplifiers. 
Volume control is usually desired in 
the audio amplifier. This is accom¬ 
plished through the use of a poten¬ 
tiometer as at 0 of Fig. 26. A portion 
of the signal voltage across E is se¬ 
lected for the grid, depending on the 
portion of resistance used through the 
setting of the sliding contact. 

Circuits E and F of Fig. 26 sJiow 
the variable and fixed methods of 
control. In circuit D the shunting ef¬ 
fect of the combination of E and C 
determine the portion of energy at 
every frequency which is short cir^ 
cuited and hence does not get ^ the 


speaker. As the amount of E in the 
circuit is reduced, the shunting effect 
advances rapidly with frequency but 
as E is made much larger, the shunt¬ 
ing effect is more nearly uniform for 
all frequencies. 

The tendency for amplifiers to favor 
high frequencies in general is com¬ 
pensated for through the use of con¬ 
denser G as at F of Fig. 26. It shorts 
out successively more and more Cn- 
ei^ from higher and higher frequen¬ 
cies as the value of Xc reduces with 
frequency increases. This compen¬ 
sates for the tendency of tl^ amplifier 
to give the higher A.F. frequencies 
more amplification than the lower 
frequencies. 
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to Fig. 26F and bkt m tfafe ^se: 
tbe resistor R is adjustable ;to provide^ 
for toiie adju^rimeufer iuOat^^l^^ 
the iudividuai ear. Later les^ns in 
your S.A*B. murse r® more 
details on tone controls; 

Finally, in circuit K of P%r 26 
there is shown a special circuit 
high quality audio amplifers. /Efe 
input transformer secondary is 
into two separate windings so that ■ 
each tube may be biased separately^ 
from an external source. Exact 
plifier b^ance can be nmntained 
this way. A milliammeter conneid^i^; 
in series with each plate-eir<^it will 
show when the correct balance feob-^ 
tamed, ^ 

AMPLIFIER CLASSES 

During your studies of the 
pull system or of amplifiers iu 
eral it has undouMedly oceurted .^J 


At G of Fig. 26 is i^own a filament 
potentiometer with a sliding contact 
for hum adjustment. Quite frequent¬ 
ly any plate or grid ripple voltage 
which may get into the signal circuit 
may be reduced considerably or elimi¬ 
nated completely by adding a small 
ripple from the filament supply. The 
slider Of this adjustable resistor is 
simply moved to the position of mini¬ 
mum hum when an adjustment is 
necessary. The purpose of Fig. 26H 
is similar to' that of Pig. 26F in that 
the condenser C shorts out mOre and 
more energy of the higher A.p. fre¬ 
quencies as the frequency increases. 
In essence, it is a filter for the higher 
A.P. frequencies 

In the circuit of Pig. 261, the bias 
resistor and grid filters are combined. 
Rc serves to bias the tube, while R 
and C together act as the grid filter 
system. 

; The circuit of Fig. 26J is similar 







U K ^ F/e26% 

Hei‘e again, as in Fig, 19, the EgJp 
I ^ ctirves of the two tubes have been 

P \m^J placed so that the no-signal grid volt- 

~ ages of each tube of the push-puil sys- 

coincide. This time it will be 
/"/Cz«> y4:J noted that both tubes are biased al¬ 

most to their cut-off points indicated 
you that all such amplifiers arc of by the vertical line Go. Now when the 
fairly low efficiency. For example, grid voltages advance to the right 
only 20% of the power supplied to the from Go to Gi, for instance to 80 volts, 
plate circuits of a triode pusli-pull the following actions take place, 
circuit could be converted into A.e. the grids have^ advanced up 

signal power. A good portion of the “ 20 volts (on heir way to a 

available grid voltage (mthiuits pow- ^ ^ 

er to accurately control the plate cur- g is corn- 

rent of the tube) is not used. Not only pjetely cut off. As the grid continues 
is there the complete range on the Eg- the positive direction for tube No. 
Ip curve from zero grid to plate cur- i, its plate current increases steadily, 
rent cut-off, but also there is a large When the zero voltage grid value is 
range available in the positive grid reached for tube No. 1, which corre- 
region of the tube provided it can be spends to about —165 volts for tube 
effectively used. Figure 27 shows a No. 2, grid current flows in tube No. 
method in which the total control ^ shown by the dotted line, and 
range of the grid (from maximum No. 2 remains inoperative. The 

negative to maximum positive) may l/nds in this type of ampler are sup- 
be used plied with power from the preceding 
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operation of tube No. 2, just as tube 
No. J operate4 during the first alter¬ 
nation. The first tube handles all of 
the signal of one alternation and the 
second one handles all of the signal 
of the opposite alternation, 

To distinguish this daas of ampli¬ 
fication from that whieh jou have been- 
studying up to now, if is called elms 
B ampUficatmn; the other, such as 
that shown in Pig. 16, being named 
class A as it was the first type used. 
Just compare the grid voltage swing 
of a class B amplifier to that of a class 
A amplifier—the wave forms of both 
being sho%vh in Pig. 27 for direct 
comparison. The grid voltage swing 
of a class B tube is often 4 or 5 times 
as large as the class A and uses Vir¬ 
tually all of the range of control of 
which the grid of a tube is capable of 
handling. 

In Pig. 28 is shown a typical class 
B circuit using an ordinaiy triode 
tube. While it is not unlike an ordi¬ 
nary class A circuit, there are several 
important differences. It was men- 
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atioR. ,‘The first of the Iseiaes was thi^' 
46 tttbe> wMdi is er oRtpiit tetit^tJe* 
The 49 is tlie same tjpe 2 volt 
filameRt cla:^. AlthoRgb this tube has 
-two gridS) a filament and a plate, it is 
always operated as a Mode, For class. 
A operatioBj the outer grid ;is exter¬ 
nally coimeeted directly to the plate, 
but for class B operation, the outer 
grid is connected to inner or con¬ 
trol grid. 

The characteristics of a 49 tube as 
a class A amplifier are very similar to 
other power Modes, but as a class B 
amplifier where two tubes must be: 
used, they are very different. With 
no grid bias supplied and 400 volts on 
its plate, the plate current will M 
only 6 ma. The two grida are (fesigned 
to practically cut off plate current 
with no .bias. This is a matter of in¬ 
ternal construction of the elements. 
The tube was designed in this way .so 
that its use would not be limited to 
class B operation only. 

A class B circuit having an output 
of 20 watts is shown in Fig. 29, using 
two type 46 tubes in a class B power 
amplifier circuit with a type 46 tulm 
used as a class A driver. The follow¬ 
ing details are to be noted in par¬ 
ticular. The drivei* may he resistance 
coupled with resjxect to its input as it 
is a class A amplifier of the power 
type drawing no grid circuit. 

Its ffuerope plate current is constant 
and may be self-biased with Re as 
shown. This resistor is by-passed with 
condenser C so that the bias variation 


is invariably uted because the amplf-^ 
fied signal voltage must be tmislated 
into power m:i only a transformer 
may*40 that. 

Referring again to Hg. 27, it is 
evident that the plate current flowing 
when no signal is Being suppMed to 
the grids is very low^in faet>, it is 
practically zero. When a maximum 
signal is appjied, having a peak value 
of 130 volts,, the sum of the eumnts of 
the two tubes having a peak of 300 
ma. will be 300, X v 707 or 212 ma. 
Remember that only one tube is work¬ 
ing at a time, and hriiee the two cur¬ 
rents' cannot be added. The amount 
of ifjurrent drawn fi^om the power sup¬ 
ply depends directly on the signal in¬ 
tensity which it handle. Thus a class 
B amplifier pl^s a heavy current de¬ 
mand on Its power supply when the 
grid voltages are large. 

. . . In a class A amplifier you have 

'learned that the avera^ current 
through both of the tubes was prac- 
y V ifeially constant for any signal within 
I: Jtts operating range. On the other 
hand, another condition is present 
" with a class B ampH&r requiring a 
\ good power supply system which is 
' , capable of sa]^&^ng various amounts 
of current over a r^nge instan¬ 
taneously without appremable voltage 
,, changes. Thus, a metcury re^ifier 
y tube is often used for class B .systems. 

“ Obviously^ a self-biasing resistor 
cannot be used iirthe filament Center- 
tap for a class B circuit, because the 
plate cjirrent varies so widely that the 
bias would change from zero to mad- 
mum during every half cycle 
grid si^al. Par this reason, a sepa¬ 
rate bias supply which does not de-; 
pend on the plate current of the class 
B circuit must be us^. 

^fae difficulties encountered In con¬ 
nection with class A circuits led to the 
development of .tube§ for class B oper- 
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These questions are designed to test your knowledge of this lesson. 
Read them over first to see if you oaii answer them. If you feel con¬ 
fident that you can, then write out your answers, numbering them to 
correspond to the questions. If you are not confident that you can 
answer the questions, re-study the lesson one or more times before 
writing out your answers. Be sure to answer every question, for if 
you fail to answer a question, it will reduce your grade on this lesson. 
When all questions have been answered, mail them to us for grading. 


QUCSTions 


Why will a push-pull amplifier produce less distortion than a 
single stage of amplification? 


How may a single stage amplifier be coupled to the input of 
push-pull stage without using a transformer or choke coil? 


No. 3. What is a complex wave? 


No. 4. Wliat is the maximum percentage of to 
that may be tolerated by the human ear 


5. When tubes are wired in parallel what may be done to equalize 
their relative amplifying ability? 


not the self-bias arrangement employed for 


amplifier tubes? 


Compare briefly, class A and B amplifier circuits as to 
power output. 


8. How does the grid of the lower tube in Fig. 21 receive its signal 
voltage? 


No. 9. Why is it unnecessary to use a condenser for by-passing the bias 
resistor for self-biased push-pull class A tubes? 


No. 10. What is the difference between an ordinary triode tube operated 
as a class B amplifier and one which is designed for this service 
exclusively? 



